Background and Purpose: Use of thrombolysis and acute treatments for cerebral infarction may require that acute stroke be treated as a medical emergency. To assess the factors influencing the time to admission in acute stroke, we conducted a prospective study of all such patients admitted to the hospitals in Leicester, UK, over a 12-month period.
T he manner in which a patient is referred and admitted to a hospital is closely related to the nature of the underlying diagnosis. Knowledge of the natural history of myocardial infarction and the value of coronary care units has prompted professional and public awareness of the urgency of hospital admission in cases of severe chest pain. 1 The advent of thrombolytic therapy has reinforced this sense of urgency. A recent study 2 has shown that despite the undeniable benefit of thrombolytic therapy, 3 approximately 50% of patients with acute myocardial infarction, particularly those over 65 years of age, still take over 3.5 hours to be admitted.
Advances in the treatment of ischemic stroke are presently being evaluated and, if effective, appear to require a similar urgency of initiation. 4 The time taken by patients with stroke to reach the hospital in the United Kingdom, and the factors affecting this, are not yet known.
In the present study, we assessed admission times for all stroke patients admitted to the Leicester hospitals over a 12-month period and examined the important influencing factors. We discuss our findings in relation to admissions to a coronary care unit in the same area and experience from the United States.
Subjects and Methods
Leicester is typical of many large English cities, with a population of over 800,000 (including Leicestershire) served by four acute general hospitals at the time of the survey. Referrals to the hospitals were made through the accident and emergency department and general practitioner referrals to one of two bed allocation bureaus. Only a small minority of patients are admitted directly to the wards. All stroke patients are admitted to the acute medical and geriatric wards, with no acute contribution from the neurologists and no selective admissions policy. During most of the study period we had only one operational computed tomographic head scanner, and thus only selected cases of stroke were referred for a scan.
The Leicester Hospitals Stroke Register was established in Jury 1989. All patients admitted to the Leicester District General Hospitals with acute stroke syndrome were seen within 48 hours by one investigator, and an extensive questionnaire was completed. Admission details, demographic data, past medical history, and full physical examination findings were recorded, and patients were reviewed at regular intervals. The register comprised all cases conforming to the World Health Organization definition of stroke, with the exclusion of subarachnoid hemorrhage, transient ischemic attacks, subdural hematomata, and intracerebral malignancy. Cases of acute confusion, possible fits, or "extension of stroke" with no clear, new neurological deficit were also omitted. The study group thus comprised only those patients likely to benefit from acute stroke treatment.
The aim of the study was to determine, using current referral patterns, the number of patients suitable for treatment and the admission delays in this group. The study population therefore included all cases in which a clear recall of onset was possible and cases in which the event could be reliably judged to have occurred within a period of no more than 6 hours or in which weakness was present on waking or rising. For these cases, the time of stroke was recorded as being the midpoint of that period, e.g., halfway between going to bed and waking up. These cases formed the "accurately timed" group.
If the onset could be isolated to a 12-hour period, the delay time was noted as the "best estimate" of the likely delay to compare the overall distribution with the more accurately timed strokes. The time of onset of the stroke in this group was again taken as the midpoint, as above. These patients were not included in the analysis of the contributing factors. Patients registered as having a stroke with an onset not attributable to a 12-hour period or who were later revealed to have a diagnosis other than stroke were omitted altogether.
The time of hospital admission was defined as the time at which a hospital doctor was able to see and assess the patient. For admissions through the bed allocation bureau, this was the time of arrival on the ward; casualty referrals are seen within 10 minutes of the time of arrival, and this was therefore used as a pragmatic indicator of the time of admission.
Age, sex, full address, postal code, presence, and relation of caregiver and the source and route of admission were recorded in all cases. The nature and severity of the stroke (in particular, the level of consciousness and degree of motor loss) was noted using a simple scoring system (after that of Mathew 5 ). Prospective data were collected by one of the authors and entered into a database (DBASE IV) on a desktop personal computer. Statistical analysis was performed using MINITAB software.
Analysis was performed on the accurately timed cases admitted within 48 hours of stroke onset. The proportions of patients taking over 48 hours to admission were compared using the x 2 test. Mann-Whitney U tests were used for the initial between-group comparisons. Multiple linear regression analysis was used to detect the influence on delay time by the following independent variables: level of consciousness (unconscious versus conscious), age, time of stroke (overnight versus day), caregiver (alone versus caregiver), route of admission (accident and emergency versus bed allocation bureau), distance from hospital (city versus rural [defined below]), place of admission, and sex. The distribution of the residuals from the regression equation was normalized with log transformation of the delay time. The analysis was performed in a "step-up" manner; subjects with missing values were excluded from the regression analysis. A univariate association between age as a continuous variable and the log-transformed delay time was assessed with Pearson's correlation. Results were considered significant at the 5% level, 95% confidence intervals are given as indicated.
Approval for the project was granted by the local ethical committee.
Results
The time of stroke onset could be accurately identified in 374 of the 535 patients (70%) registered in the first year. The study population (374) matched the total registered population well. The mean age for the former was 74.5 (median, 77; range, 29-98) years, and 203 (54%) were female. In the latter, mean age was 74.6 (median, 77; range, 29-98) years, and 53% were female. In all, 16 of the 374 patients (4.3%) were admitted more than 48 hours after onset. For those admitted within 48 hours, the median admission time was 6 hours, with 25% under 2.5 hours and 75% under 11.5 hours (Figure 1 ).
The effect of the studied variables on the time to admission are summarized in Table 1 . The time taken for patients arriving through the accident and emergency department was significantly shorter than that of patients admitted through the bed allocation bureau. The onset of stroke between midnight and 6 AM resulted in a significantly greater delay than onset during the day. Patients living alone (n = 106) took significantly longer to get to a hospital than those living with spouses, relatives, or friends (n = 199). Those living in institutions (n = 10) appeared to have a similar delay to those with caregivers (median, 6.7 hours), and those in sheltered housing (/i=10) were similar to those living alone (median, 9.8 hours). The small numbers for these latter groups do not allow a statistical comparison to be made. (Home circumstances were not noted in the remainder.)
Patients 70 years of age and older took longer to get to a hospital than patients less than 70 years of age, (Figure 1 , Table 1 ). The difference in the time taken is dramatically shown in Figure 1 , with an early peak in the younger admissions that is delayed by up to 6 hours in the older group. In 5.3% of the older group compared with 2.8% of the younger group, admission delay was more than 48 hours (not significant). Similarly, admissions to the geriatric wards had a greater delay than those to the medical wards.
Three major independent contributors to delay time were revealed using multiple linear regression analysis as described above. These were, admission through bed allocation bureau as opposed to the accident and emergency department (/?<0.001), onset during the night (/>=0.003), and living alone (/?<0.001). The final step-up regression analysis is shown in Table 2 ; adjusted R 2 was 27.3%, and thus these factors only account for about a quarter of the observed delay time. Univariate analysis of age versus log-transformed delay time demonstrated a weak but significant association (r=0.175, p=0.001). However, age, sex, and distance from a hospital did not independently influence the delay time in the multivariate analysis. Adjusting for other factors in the model, delay time and level of consciousness were not associated.
The greater delays seen in admission of older patients can be accounted for by the age distribution of patients There was no appreciable difference in the delay pattern between men and women or between rural patients (living over 10 miles from the city center) and city patients (Table 1) . Despite a tendency for unconscious patients to arrive within 24 hours, no difference could be established statistically between conscious and unconscious patients (Table 1) . Patients in the unconscious group were much older (median age, 81 versus 76 years; p<0.006).
Those patients not Included in the main analysis on grounds of poor recall of onset showed a tendency to longer delay times (Figure 1 ). In all, 106 cases (20%) could be included in the best estimate group; the remaining 55 (10%) were unclassifiable. Reasons for inaccurate recall in this study included gradual onset, coma, dysphasia, lack of caregiver, infrequent visits by caregivers and relatives, confusion, and poor memory.
Discussion
In the present study, the time to admission after stroke was significantly prolonged by living alone, nocturnal onset, and admission through the bed allocation bureau as opposed to the accident and emergency unit. Each of these independent factors was more common with increasing age and probably contribute entirely to the greater delay seen in the older age group. Nevertheless, in this study approximately half of the patients with stroke arrived within 6 hours of onset. This endorses the view that a more rapid admission and trauma-style approach 6 would be needed to enable early treatment, particularly when as much as 5 hours' time is required for basic investigations. 6 There is good evidence of the need for early treatment in ischemic stroke. Animal studies and clinical pilot studies of early (under 7 hours) reperfusion have shown dramatic benefit. 47 Late reperfusion may lead to intracerebral hemorrhage. 6 -8 The "ischemic penumbra," a ring of nonfunctioning but viable tissue around a central infarct core that slowly diminishes with the duration of occlusion, 9 may persist for up to 24 hours. However, treatment after 12 hours is unlikely to be very beneficial; thus, therapy to ameliorate ischemic damage is likely to be most effective in the first few hours. Oral nimodipine, a calcium channel antagonist, has shown a clear benefit when used within 12 hours of ischemic stroke.
1011 Aspirin, naftidrofuryl, and NMDA (Nmethyl-D-aspartate) receptor antagonists can also inhibit the mechanisms of ischemic injury but still require evaluation as acute stroke therapies.
Patients unable to pinpoint the onset of ictus or presenting for admission late would not be eligible for the proposed newer treatments. The high level of poor recall that we found (30%) may be reduced if the timing of stroke onset should become more important, but by its very nature stroke onset can be very difficult to define. In the present study, inclusion of the best estimate group did not add significantly to the numbers presenting within 6 hours, and the data as analyzed should give a good idea of the actual number of patients eligible for treatment with present admission patterns. In the United Kingdom, as in the United States, many minor strokes are presently treated at home. In Leicester only small numbers of patients are referred but not admitted to a hospital, and these would tend to have near complete resolution of signs. The greater "risk versus benefit" of treatment in minor stroke may preclude treatment in this group anyway.
The accurate timing of stroke occurring during the night is very difficult. It is understood that some ongoing clinical trials have designated such strokes as having a midnight onset, primarily for safety reasons. However, in practice, therapies other than thrombolysis are unlikely to be dangerous when given a few hours late. Using the midpoint between sleeping and waking, as in this study, would allow a significant number of patients access to potentially useful treatment. A recent study from North Carolina reported that only 42% of patients were admitted within 24 hours of stroke onset. 12 This study was conducted in neurological centers on a relatively young population and defined nocturnal stroke onset as the time of awakening. The greater delays found in North Carolina compared with Leicester are difficult to explain. Reasons may include a tertiary versus an immediate referral pattern, a privately based versus a free service, levels of community care and investigation prior to admission. The older study population and use of the midpoint for nocturnal strokes in our study make the differences even more startling. The methodologies of the two studies were otherwise very similar.
The greater admission delay seen in older patients has also been demonstrated in patients with myocardial infarction in Aberdeen and Leicester. 213 The ISIS-II study has shown that the lowering of mortality with early thrombolysis was proportionally greater in the elderly. 3 Similar results may also apply to stroke, in which mortality and morbidity both increase with age, 14 and effective treatments may well have a more significant impact in this group. The increased delay in the elderly is predictable to some extent, owing to the greater social isolation, stroke severity, immobility, and use of general practitioners found in this age group. The higher incidence of nocturnal stroke in the older group is, however, less easy to explain. Studies of diurnal variation in stroke onset have not demonstrated an age difference. 1516 The factors that we have identified account for only 27% of the admission delay. One study of patients with myocardial infarction 13 suggests that the major part of the delay may be the time taken to contact the medical services, which is probably closely related to the patients' level of distress. Measures taken to reduce the delay for stroke admissions would thus require careful education among the profession and the public of the importance of prompt treatment, particularly in those who are single and elderly. Even if this approach is successful, 1 ' 17 benefit may still be limited by the reasons for delay operating at a more instinctive level. 13 
